Trauma, especially early life trauma, is a risk factor for the development of both posttraumatic stress disorder and psychosis. The goal of the present study was to determine specific associations between exposure to childhood abuse, PTSD symptoms, and current psychotic disorder. Subjects were recruited from a public, urban hospital (N = 328, >90% African American). Psychotic disorders were measured using the MINI International Neuropsychiatric Interview, PTSD was measured using the Clinician Administered PTSD Scale, child abuse was measured with the Childhood Trauma Questionnaire, and lifetime trauma exposure was measured with the Traumatic Events Inventory. Logistic regression analyses showed that both child abuse and current PTSD were statistically significant predictors of psychotic disorder beyond the effects of lifetime trauma load. When PTSD symptom clusters were examined, avoidance and numbing symptoms showed unique association with psychotic disorder independent of demographic variables and trauma exposure. Using bootstrapping techniques, we found a full indirect effect of PTSD on the association between child abuse and, suggesting a particularly important role of PTSD symptoms in relation to psychotic disorder in the presence of early life trauma. Because this is a crosssectional study, continued research is needed to determine causality of such models. Identifying co-occurring psychosis and PTSD, particularly in populations with high levels of trauma exposure, is critical and will likely aid in more successful treatment interventions.
Introduction
Lifetime prevalence of non-affective psychotic disorders in the general population is approximately 1.5% (Kessler, Birnbaum, et al., 2005; Perälä et al., 2007) . Research into the etiology of psychotic disorders has shown a complex interaction between genetic and environmental factors (Cannon & Clarke, 2005; Jablensky & Kalaydjieva, 2003) . Trauma exposure, which is commonly reported in individuals with psychotic disorders, may be one environmental factor that plays a key role in psychotic etiology (Bendall, Jackson, Hulbert, & McGorry, 2008; Cutajar et al., 2010; Gaudiano & Zimmerman, 2010; Read, Os, Morrison, & Ross, 2005; Schäfer & Fisher, 2011) .
Previous research suggests that exposure to childhood abuse in particular may be an important risk factor for the development of psychotic disorder. This is substantiated by two recent critical and meta-analytic reviews demonstrating clear associations between childhood trauma exposure and psychotic disorders (Morgan & Fisher, 2007; Varese et al., 2012) . While evidence for this association continues to grow, only a limited number of prospective studies have been conducted (Arseneault et al., 2011; Bendall et al., 2008; Sideli, Mule, La Barbera, & Murray, 2012) . However, at least one of these studies has shown that adolescents exposed to childhood abuse showed elevated rates of psychotic symptoms (Arseneault et al., 2011) .
Many studies have also shown an association between PTSD and psychotic disorder. Although prevalence rates vary by sample, estimates suggest a significantly higher rate of PTSD in psychotic disorder patients (approximately 30%) versus that in the general population (7.8%) (Buckley, Miller, Lehrer, & Castle, 2009 ). Although there is growing evidence that PTSD is commonly found among individuals with psychotic disorder (Aakre, Brown, Benson, Drapalski, & Gearon, 2014; David, Kutcher, Jackson, & Mellman, 1999; Hamner, Frueh, Ulmer, & Arana, 1999; Sautter et al., 1999) , much of it still goes unrecognized or undiagnosed, and the comorbidity between these disorders is not fully understood.
A number of models have been proposed to highlight the connection between trauma, PTSD, and psychotic disorder. In a model of the interrelation between trauma, PTSD, and severe mental illness (SMI), Mueser, Rosenberg, Goodman, and Trumbetta (2002) suggest that PTSD may mediate the relationship between trauma and symptom severity or impairment from SMI. In this model, PTSD and psychotic disorder are seen as distinct disorders that interact with one another creating compounded risk for increased psychotic and PTSD symptoms. Morrison, Frame, and Larkin (2003) propose a different integrative model of trauma and psychotic disorder. Within this model, PTSD and psychosis are seen as similar entities that are part of a broader spectrum of reactions to trauma. This fits with some initial evidence of a psychotic subtype of PTSD (Sautter et al., 2003; Shevlin, Armour, Murphy, Houston, & Adamson, 2011) .
It is unlikely that one model provides all the answers for these associations, considering the complexity of psychotic disorder and the many biological and environmental factors that interact in its development. However, it remains important to better understand how environmental factors, like early life trauma, and trauma-related psychiatric disorders may impact risk for the development of psychotic disorders. To our knowledge there have been no studies that investigated the unique contributions of childhood abuse and PTSD to adult psychotic disorder incidence. Thus, the goal of the present study was to investigate the associations between childhood abuse, PTSD, and psychotic disorder incidence in an urban, minority population. More specifically, we examined child abuse exposure and PTSD as predictors of current psychotic disorder diagnosis.
Method

Procedure
Participants were drawn from a study of risk factors for the development of PTSD in a low socioeconomic, urban minority population. Participants were recruited from waiting rooms in the gynecology and primary care medical clinics at a publically funded hospital and the emergency department waiting room of a pediatric, not-for-profit hospital, in Atlanta, Georgia. We did not narrow recruitment to specific criteria, but approached any individual in the waiting room. To be eligible for participation, subjects had to be at least 18 years old and able to give informed consent. After signing the informed consent approved by the Emory IRB, an interview was administered with questionnaires regarding trauma history and psychological variables. Trained research assistants administered this interview (approximately 45-75 min). Comprehensive assessments of psychological functioning were conducted in a separate associated study including fewer participants drawn from the pool of participants who completed the initial assessment (approximately 2 weeks post-assessment; see (Gillespie et al., 2009 ) for full details regarding study procedures).
Participants
The sample consisted of 328 individuals (see Table 1 for descriptive statistics).
Measures
2.3.1. Childhood Trauma Questionnaire (CTQ)-The CTQ (Bernstein et al., 2003 ) is a 25-item, reliable and valid self-report instrument assessing sexual, physical, emotional abuse in childhood. Bernstein and Fink (1998) established scores for none, mild, moderate, and severe for each type of abuse. The data from the CTQ were used to create a categorical variable to account for presence/absence of moderate-to-severe reported exposure to emotional (score ≥ 13), physical (score ≥ 10), and sexual (score ≥ 8) abuse in childhood (0 = none/mild abuse; 1 = moderate/severe abuse scores for at least one type of abuse).
Traumatic Events Inventory (TEI)-
The TEI is a 14-item screening instrument for lifetime history of traumatic events. It was administered to detail frequency and type of trauma(s) experienced; consistent with prior research (Gillespie et al., 2009; Schwartz, Bradley, Sexton, Sherry, & Ressler, 2005) , total level of trauma exposure was measured by a sum score refiecting the total frequency of different types of trauma (e.g., car accident, sexual assault) a participant had been exposed over the course of their life. For this study, the TEI was used to measure frequency of lifetime trauma exposure (excluding child abuse).
Clinician-Administered PTSD Scale (CAPS)-
The CAPS is an intervieweradministered psychometrically validated diagnostic instrument measuring PTSD (Blake et al., 1990 (Blake et al., , 1995 . The CAPS assesses current PTSD and yields a continuous measure of the severity of overall PTSD and of the three symptom clusters (intrusion, avoidance/numbing, and arousal). PTSD diagnosis based on DSM-IV-TR criteria was determined. Total severity scores based on frequency and intensity scores for the three PTSD symptom clusters were also calculated. Sheehan et al., 1997 ) is a well-validated structured interview developed to assess psychiatric disorders according to DSM-IV-TR diagnostic criteria. This measure was used to assess current and lifetime presence of psychotic disorders, alcohol and substance use disorders, and major depressive disorder. Psychotic disorders assessed included schizophrenia, substance-induced psychosis, psychosis due to GMC, and psychotic disorder NOS.
The MINI International Neuropsychiatric Interview (MINI)-The MINI
Data analysis
The overall analytic approach was to examine the predictive utility of exposure to moderateto-severe childhood abuse and current PTSD on psychotic disorder. Rates of psychiatric disorders based on the presence/absence of psychotic disorder were examined using Chisquare tests of independence and PTSD symptom severity by analysis of variance. Logistic regressions were utilized to examine the predictive value of childhood abuse and PTSD on psychotic disorder. Additional logistic regressions were run to examine the predictive effect of PTSD symptom clusters on psychotic disorder, beyond exposure to childhood trauma. Finally, mediation analysis was performed with INDIRECT (Preacher & Hayes, 2008) for SPSS, which allows for the examination of the indirect effects of a variable conditional on the effects of other variables in the model. Bootstrapping with 95% confidence intervals (CI) was utilized to determine significance of indirect effects.1 Age, sex, household monthly income, and frequency of lifetime trauma exposure were included as covariates in all analyses. All analyses were conducted with SPSS 22.0 software package.
Results
The rates of psychotic disorders were as follows: 5.8% (N = 19) met criteria for current psychotic disorder diagnosis and 8.8% (N = 29) met criteria for lifetime psychotic disorder diagnosis.2 Regarding types of diagnoses, 3.4% (N = 11) met current criteria for schizophrenia and 4.6% (N = 15) met lifetime criteria for schizophrenia; 1.5% (N = 5) met for lifetime substance-induced psychotic disorder; 2.4% (N = 8) met for current psychotic disorder NOS and 2.7% (N = 9) met for lifetime psychotic disorder NOS. There were higher rates of comorbid psychiatric conditions and outcomes for participants with current psychotic disorder than those that did not meet criteria for psychosis (see Table 2 ). Exposure to moderate-to-severe childhood abuse was also higher for participants with current psychotic disorder (72.7%) compared with participants without a current psychotic disorder (41.7%).
As shown in Table 3 , logistic regression results showed that exposure to childhood abuse was significantly associated with the presence of psychotic disorder (95% CI = 1.18-10.67, p < 0.05), even when accounting for demographic variables and lifetime trauma load.
However, when PTSD was included in the model, the association between childhood abuse and current psychotic disorder was no longer significant (95% CI = 0.55-6.33, p = 0.32), suggesting a potential mediation effect of PTSD on the association between exposure to child abuse and current psychotic disorder. PTSD diagnosis was significantly associated with current psychotic disorder independent of trauma (95% CI = 1.66-15.86, p < 0.01).
Demographic variables and lifetime trauma were not significantly associated with current psychotic disorder.
When PTSD symptom clusters were entered individually in logistic regression models (see Table 4 ), all three symptom clusters were significantly associated with current psychotic disorder independent of trauma. As shown with model 2, when the three symptom clusters were included in the logistic model together, only Cluster C remained significantly associated with current psychotic disorder (p < 0.05). In all models, child abuse was no longer significantly associated with current psychotic disorder when PTSD symptoms were added into the model in the final step.
We used bootstrapping techniques to formally test for the indirect effect of PTSD diagnosis on the association between childhood abuse and current psychotic disorder. As expected based on logistic regression findings, there was a significant full indirect effect of PTSD (95% CI = 0.12-1.16, p < 0.01; see Fig. 1 ).
Discussion
The relationship between trauma and psychotic disorder remains understudied despite growing evidence to suggest that traumatic experiences, particularly in early life, may increase risk for psychotic disorders. Using data obtained from a highly traumatized, primarily African American, urban population, this study provides further evidence of the strong connection between exposure to childhood abuse and the development of psychotic disorders in adulthood. We found that reported exposure to moderate-to-severe child abuse was predictive of current psychotic disorder diagnosis, even after controlling for demographic variables and frequency of exposure to lifetime trauma. More specifically, individuals with significant child abuse exposure were 3.5 times as likely to be diagnosed with a psychotic disorder at the time of assessment than those with no or low levels of exposure to child abuse.
We did not find a significant association between lifetime trauma exposure (excluding child abuse) and psychosis in this sample, suggesting that the strong relationship found between trauma exposure and psychosis does in fact depend on when the trauma occurs and the nature of the trauma, rather than how many discrete times an individual is traumatized. The presence of childhood abuse, especially at a significant level, may be indicative of a particularly toxic home environment where trauma occurs on a continuous basis, rather than via a single discrete traumatic event, and it is in this kind of environment where risk for the development of psychopathology is particularly strong (Herman, 1992; Mullen et al., 1996) . This is in part because exposure to trauma and abuse during childhood when development is still underway can have a profound negative impact on normative neurobiological development and the stress response system, thus producing broad neurobiological vulnerabilities that may serve as pathways to later development of negative psychiatric outcomes (Anda et al., 2006; Watts-English, Fortson, Gibler, Hooper, & De Bellis, 2006) . One system consistently shown to be altered by child abuse is the hypothalamic-pituitaryadrenal (HPA) axis, a main component of the body's stress response. Individuals exposed to child abuse show hyperreactivity of the HPA system (Heim et al., 2000) . Alterations in the HPA axis thus results in alterations to many neurobiological components such as neurotransmitter functioning in the body (e.g., dopamine), physiological reactivity via the autonomic nervous system, and structural and functional neural changes, all of which may then increase vulnerability to the development of psychosis (Read, Perry, Moskowitz, & Connolly, 2001 ).
Importantly, current PTSD was also strongly related to current psychosis in this sample. Individuals with current PTSD were five times as likely to be diagnosed with a current psychotic disorder than those without current PTSD, independent of trauma exposure. Our results also demonstrated that current PTSD may have an indirect effect on the association between childhood abuse and psychosis, suggesting that the presence of PTSD in individuals exposed to significant child abuse, and not only the experience of abuse itself, may increase risk for the emergence of psychosis in adulthood. Our finding fits with research that suggests both PTSD and psychosis may be on a spectrum of trauma-related psychopathology (Morrison et al., 2003) , and HPA axis dysfunction and the resulting neurobiological changes associated with that dysfunction may be a critical common factor (Heim et al., 2000) . Some researchers posit that positive psychotic symptoms, like hallucinations and delusions, may in fact be trauma intrusions or interpretations of intrusions that then cause distress (Morrison, 2001) . In fact, there is some evidence that child abuse is particularly related to the presence of positive symptoms, as opposed to negative symptoms (Ross, Anderson, & Clark, 1994) . "Psychosis" as a construct is heterogeneous and the presentation of psychotic disorders may therefore differ based on environmental experiences, like child abuse. Thus, our findings provide further evidence that trauma and PTSD may be particularly important factors that contribute to one subtype within the broader category of "psychosis".
When examining symptom severity based on the DSM-IV-TR clusters of PTSD, we found that all three symptom clusters were related to current psychotic disorder independently. However, avoidance/numbing symptoms showed a particularly strong association with psychotic disorder beyond the effects of the other symptom clusters. It is unclear why this might be the case. One might imagine that re-experiencing symptoms would be more strongly related to the positive symptoms of psychotic disorder, since these PTSD symptoms (e.g., flashbacks, intrusive memories) can often present as psychotic-like hallucinations. These results suggest that other PTSD symptoms are also relevant. There is likely overlap between some of the symptoms of PTSD and negative symptoms of psychotic disorder (e.g., emotional numbing, social withdrawal, and anhedonia in PTSD). This could explain at least part of this association found. More research is needed to better understand how avoidance/ numbing symptoms may contribute to or interact with psychotic symptoms. It is important to note that this was cross-sectional data and we did not have information on when the onset of psychotic symptoms occurred in relation to PTSD symptoms. While there is evidence to support this type of model, there is also evidence to show that individuals with psychosis are more likely to be traumatized later on, and can go on to develop PTSD following these traumas or even develop PTSD in relation to the onset of psychosis (Mueser & Rosenberg, 2003; Mueser et al., 2002; Williams-Keeler, Milliken, & Jones, 1994) . Therefore, prospective studies are necessary to fully determine how PTSD may fit into the pathway through which psychotic symptoms emerge.
Our results also showed significant comorbidity between current psychotic disorder and other Axis I disorders, including major depression and substance use disorders, as well as suicide attempts. This is consistent with research showing high comorbidity between psychotic disorders and other psychopathology (Kessler, Chiu, Demler, & Walters, 2005; McMillan, Enns, Cox, & Sareen, 2009) . However, the rates of psychosis and comorbid psychiatric diagnosis in our samples are substantially higher than national averages (Gillespie et al., 2009; Schwartz et al., 2005) . Considering that this is not a treatmentseeking population, these rates are both alarming and concerning and increased awareness about the increased psychiatric risk for low-income individuals living in urban environments is critical.
Several study limitations are worth noting. As highlighted above, given the cross-sectional nature of this study and use of retrospective reports, we cannot make assertions about causality or time of onset for child abuse, PTSD symptoms and psychotic symptoms. We also focused on self-report measures of child abuse. This may have affected the accuracy of our classification of individuals into abuse groups and may have either overestimated or underestimated the amount of child abuse that occurred, as multiple studies have previously shown that self-reports of abuse can both overestimate (e.g., Offer, Kaiz, Howard, & Bennett, 2000) and underestimate abuse that occurred (e.g., Berger, Knutson, Mehm, & Perkins, 1988; Kemper, Carlin, & Buntain-Ricklefs, 1994) . However, the measure that was used to assess child abuse (CTQ) uses very specific language to help make classification more accurate (e.g., "People in my family called me things like stupid, lazy or ugly" to assess emotional abuse and "I got hit so hard by someone in my family that I had to see a doctor or go to the hospital" to assess physical abuse). Additionally, although these selfreport data may have a biased estimation of abuse exposure, there is still a strong, significant association with psychosis and thus appears to be capturing an important relationship between child abuse exposure and psychosis. Finally, generalizability may be limited based on the convenience sampling strategy used and specificity of the population examined in this study. Since recruitment occurred by approaching individuals in waiting rooms, the sample does not reflect a representative sample of urban Atlanta and results could have been influenced by the type of individuals willing to participate or biases by interviewers in the type of individuals approached. Our sample was also largely low income, majority female, and primarily (>90%) African American. Concerns about the specificity of this sample are balanced by the public health importance of studying psychiatric risk in an under-researched and under-served population with high rates of trauma exposure and post-traumatic psychopathology. The resources for psychiatric care are limited for individuals in this population. Research focusing on psychiatric risk brings attention to the need for increased resources.
Our findings provide further evidence of the detrimental effects of exposure to childhood abuse on psychiatric outcomes in adulthood, including both PTSD and psychotic disorder. The rates of psychotic disorder in this population highlight the association between early life trauma and psychosis and shed light on the high levels of comorbidity between psychotic disorder and other trauma-related psychopathology. These results suggest that PTSD may help to explain the relationship between early life trauma and the development of psychosis, although continued research is still needed. The findings suggest that, like PTSD, psychotic symptoms may represent post-traumatic sequelae, a notion that warrants further examination in longitudinal studies. Regardless, it will be critical moving forward to determine if treating PTSD could also bring relief of psychotic symptoms to these individuals. There is some initial evidence that treating subthreshold psychotic symptoms can reduce the likelihood of symptom progression in individuals at risk for the development of psychotic disorders (McGorry et al., 2002) . Other research has also shown that individuals with comorbid PTSD and psychosis can still benefit from evidence-based trauma treatment (de Bont, van Minnen, & de Jongh, 2013; van den Berg et al., 2015) . Overall, understanding how co-occurring psychotic disorder and PTSD might affect treatment is important and identifying comorbidity, particularly in populations with high levels of trauma exposure, could aid in more successful treatment interventions. The full indirect effect of current PTSD on the relation between childhood abuse and current psychotic disorder. Sex, age, household income level, and lifetime trauma load were controlled. Powers et al. Page 13 Table 1 Demographic and trauma-related descriptive details for sample. Table 2 Psychiatric descriptive details for sample. Note: Psychiatric disorders were assessed using the MINI. Differences in rates of psychiatric disorders between individuals with and without psychotic disorder were assessed using Chi-square tests of independence. Differences in PTSD symptom severity scores were assessed using analysis of variance. Significant differences are depicted with asterisks: Table 3 The association between current psychotic disorder, moderate-to-severe childhood abuse, and PTSD using a logistic regression model. Table 4 The associations between current psychotic disorder and PTSD symptom clusters using logistic regression models. 
